Abstract Although the pharmacological action of red ginseng is mostly generated by ginsenosides, contents of ginsenosides in manufactured extracts are still varying according to processing and storage conditions. Rg1, Rb1, and Rh1 levels significantly decreased overtime under pH adjustment and thermal treatment during storage, and these changes were exacerbated at lower pH and higher storage temperature. However, Rg3 level showed the opposite pattern compared to other ginsenosides. Rg3 level linearly increased at higher temperature and pH while significantly decreased at pH 2. Furthermore, Rg3 level constantly increased during storage. This is the first combined study on the effects of manufacturing and storage conditions on ginsenoside contents of red-ginseng-extract products. To minimize loss of major marker and bioactive compounds of red ginseng products during manufacturing processes and storage, it is recommended that red-ginseng-extracts be maintained at pH 6-8, sterilized at below 105°C, and stored at below 25°C.
Introduction
Panax ginseng, which originates from the Korea, is a perennial herbaceous plant belonging to the family Arailaceae Panax. It has long been regarded as a medicine with outstanding abilities to prevent and treat various disease via action of ginseng saponin as known as ginsenoside [1, 2] . More than 40 different ginsenosides have been identified that play an important role in the nutraceutical activity of ginseng. Ginsenosides Rb1, Rb2, Rc, Rd, and Rg3 are protopanaxadiol saponins, whereas ginsenosides Re, Rg1, Rg2, and Rh1 are protopanaxatriol saponins [1, 3] . Ginsenosides have been recognized for their bioactivities, including anti-cancer and neuroprotective properties. Particularly, ginsenoside Rb2 has antagonistic activity towards cancerous toxins as well as an inhibitory effect against tumor angiogenesis [4] . Ginsenoside Rh1 has been shown to have neuroprotective effects as well as stimulating effects on the central nervous system such as anti-fatigue and antihypertensive effects [5, 6] . Rh2 inhibits cancer cell proliferation and induces differentiation into structurally and functionally normal cells [7] . Furthermore, ginsenoside Rg3 suppresses cancer metastasis and cancer drug resistance [4] , and functional foods such as Rg3-enriched red ginseng can expand the ginseng market due to recent public attention [8, 9] . Since red ginseng produced by conventional manufacturing processes contains a small amount of ginsenoside Rg3, many studies are focused on Rg3 enrichment via not only general physicochemical treatments but also bioconversion using a microorganism [10, 11] . Among them, heat and acid treatments have been introduced as a straightforward method for Rg3 enrichment during the red ginseng production [12] [13] [14] .
Current ginseng products are being sold in various forms such as extracts, powders, tea, concentrations, drinks and beverages. The Ministry of Food and Drug Safety of Korea distinguishes ginseng products into health functional foods and general ginseng products to regulate the ginsenoside contents of ginseng products. The standard for ginseng products as health functional foods is based on a Rg1 and Rb1 content of 0.8-34 mg/g. However, ginsenoside contents are variable in distributed ginseng products, which is resulted by inconsistency of manufacturing processes and storage conditions [15] . Nevertheless, effects of manufacturing processes and storage conditions on ginsenoside contents of ginseng products are not well-understood. In this study, we investigate the effects of pH treatment (pH 2, 4, 6, and 8) and thermal treatment (95, 105, 115, and 121°C) during manufacturing as well as storage conditions (5, 25, and 45°C for 11 weeks) on changes in ginsenoside contents in ginseng extract. Our data reveal that the practical application of pH adjustment and thermal processing can minimize the change of bioactive marker of red ginseng extract.
Materials and methods

Manufacturing of red ginseng aqueous extracts
Six-year-old Korean red ginseng extract was purchased commercially (Korea ginseng corp. Seoul, Korea) and diluted three times in distilled water, resulting in production of red ginseng aqueous extracts. The extract (20 ml aliquots) was then filled into aluminum retort pouches, which were sealed, for commercial sterilization (105°C, 5 min; VS-1321, Vision, Daejeon, Korea).
pH treatment of red ginseng aqueous extracts
To determine changes in ginsenoside contents according to pH change (2, 4, 6 and 8) of red ginseng extracts (25.5°Bx, pH 4.5), 60%(w/v) citric acid solution (Junsei, Tokyo, Japan) and 20%(w/v) sodium carbonate (Duksan, Seoul, Korea) were added in order to adjust pH to 2, 4, 6, and 8. Citric acid and sodium carbonate are used as a food additive grade.
Heat treatment of red ginseng aqueous extracts
To determine the effect of heat treatment on ginsenosides in red ginseng aqueous extracts, ginsenoside (Rg1, Rb1, Rh1, and Rg3) contents were analyzed after heating red ginseng aqueous extracts (25.5°Bx, and pH 4.5) at different temperatures (95, 105, 115, and 121°C for 5 min).
Storage of red ginseng aqueous extracts
To determine changes in ginsenoside contents (Rg1, Rb1, Rh1, and Rg3) during storage at various temperatures, red ginseng aqueous extracts (25.5°Bx, and pH 4.5) were heated at 105°C for 5 min (standard) and then stored in the incubator at 5, 25, and 45°C for 11 weeks. Changes in ginsenoside contents were analyzed every 2 weeks.
Ginsenosides analysis
Each sample was analyzed for ginsenoside content by HPLC with slight medication described by Choi et al. [16] . The Briefly, after washing three times with 5 ml of distilled water in a Sep-Pack C 18 cartridge (Waters, Milford, MA), 5 ml of 20%(v/v) MeOH and 10 ml of 80%(v/v) MeOH were passed in this order. The sample (5 ml) was passed through the washed Sep-Pack C 18 cartridge; 5 ml of 20%(v/v) MeOH was passed, and 5 ml of MeOH (Duksan) was eluted. The MeOH eluate (5 ml) was obtained and filtered through a 0.45 lm polytetrafluorethylene (PTFE) syringe filter (Advantec, Tokyo, Japan), after which it was analyzed by HPLC. For the analysis criteria, Alliance 2695 (Waters, Milford, MA, USA) with a UV detector Waters 2487 (Waters) was used. Xterra RP18 (5 lm, 3.9 9 150 mm, Waters) column was used with an oven temperature at 35°C and analytical wavelength of 203 nm. The mobile phase solvent was analyzed by using 10%(v/v) CH 3 CN (Duksan) and 80%(v/v) CH 3 CN under gradient conditions at a velocity of 1.6-1.8 ml/min. For the standard ginsenoside compounds, ginsenoside Rg1, Rb1, Rh1, and Rg3 (WAKO, Tokyo, Japan) at [99% purity were used.
Statistical analysis
Values are expressed as mean ± standard deviation (SD). One-way analysis of variance (ANOVA) and T test were used for multiple comparisons. Treatment effects were analyzed using Duncan's multiple range test by SPSS 19.0 software. Differences are considered significant with p values \ 0.05.
Results and discussion
Effects of pH on ginsenoside contents of red ginseng extracts
As shown in Table 1 , ginsenoside contents of red ginseng aqueous extracts (pH 4.5) were significantly affected at pH 2 and 8. The pH adjustment at pH 2 showed higher differences compared to other groups. After pH adjustment of red ginseng aqueous extracts at pH 2, Rg1 and Rb1 contents were reduced by 29 and 23%, respectively, in a comparison of normal group. This pattern is consistent with previous studies indicating Rb1, Re, and Rg1 drastically decreased with increasing acidity [17, 18] . However, patterns of Rh1 and Rg3 were different from those of Rg1 and Rb1. Rh1 and Rg3 contents increased by 2.2 and 106%, respectively, compared to the normal group after adjustment to pH 2. Similar studies conducted by Choi et al. [14] and Kong et al. [19] reported that pH adjustment of red ginseng extracts with citric acid significantly increased the content of Rg3 through conversion of Rb1 to Rg3. After adjustment to pH 8, Rg1, Rb1, and Rh1 contents were significantly reduced, and Rg3 contents tended to decrease.
Furthermore, heat treatment at 105°C for 5 min showed dramatic changes in all groups. At pH 2, Rg1 and Rb1 contents significantly decreased to undetectable levels after additional heat treatment, whereas Rh1 and Rg3 contents drastically decreased by 44.8 and 82%, respectively. On the other hand, at pH 8, contents of Rg1, Rb1 and Rh1 were decreased by 9.9, 12.6, and 10.6%, respectively. Based on these results, contents of Rg1 and Rb1, which are marker compounds of red ginseng products, were unstable under acidic conditions (pH 2, 4, and 6), whereas contents of Rh1 and Rg3, which are important bioactive compounds of red ginseng products, increased under acidic conditions. Especially, Rg3 content in red ginseng extract was stable and even dramatically increased at pH 2 but it was unstable upon combined heat treatment.
Heat and acid treatments during production of red ginseng extract have been introduced as Rg3 enrichment processing methods [14] . However, based on our results, low pH (*pH 2) accompanied by heat treatment rather reduced the content of Rg3.
Changes in ginsenoside contents of pH-adjusted red ginseng extracts during storage at room temperature (25°C)
To investigate the effects of pH on the ginsenoside contents of red ginseng extracts, samples adjusted pH prior to sterilization at 105°C for 5 min were kept at 25°C for 11 weeks. As presented in Table 2 , Rg1, Rb1, and Rh1 contents consistently decreased at all pH ranges with increasing storage. However, Rg3 content at pH levels of 4, 6, and 8 consistently increased during storage, although it decreased at pH 2. The Rg1 and Rb1 contents of the pH 6 group were 0.375 ± 0.005 mg/g and 1.735 ± 0.007 mg/g at the start and 0.298 ± 0.004 mg/g and 1.172 ± 0.011 mg/g after 11 weeks, and rates of reduction were 20.5 and 32.4%, respectively. However, the reduction rates of Rg1 content at pH 4 and 8 as well as the normal group were 31, 27, and 29.6%, respectively. The reduction rates of Rb1 at pH 4 and 8 as well as the normal group were 34.6, 37, and 34.6%, respectively. This indicates that a pH level of 6 is proper for stability of Rg1 and Rb1 in red ginseng extract products. Changes in Rh1 and Rg3 contents at pH 2 were 0.280 ± 0.010 mg/g and 0.263 ± 0.006 mg/ g, respectively, and their contents after 11 weeks were 0.190 ± 0.007 mg/g and 0.123 ± 0.004 mg/g with reduction rates of 32 and 53%, respectively. Rh1 contents at pH levels of 4, 6, and 8, and the normal group after 11 weeks decreased by 14, 15, 12, and 15%, respectively. However, Rg3 contents at pH levels of 4, 6, and 8, and the normal groups significantly increased by 11, 6.5, 10.8, and 9.5%, respectively.
Changes in ginsenoside contents of red ginseng extracts according to heat treatment
Red ginseng extracts were processed via thermal treatment at different temperatures (95, 105, 115, and 121°C) by using a commercial sterilizer for sterilization, and contents of ginsenosides (Rg1, Rb1, Rh1, and Rg3) were analyzed. As shown in Fig. 1(A, B) , thermal processing mediates the reduction of Rg1 and Rb1 contents, in which reduction was significantly increased at higher temperature. Rg1 contents Table 2 Changes in ginsenoside Rg1, Rb1, Rh1, and Rg3 contents of red ginseng aqueous extracts at various pH levels during storage at 25°C for 11 weeks Ginsenoside content (mg/g) 0 week Fig. 1(C, D) . Rh1 content slightly but constantly increased with higher temperature. Rh1 contents of 95, 105, 115, and 121°C significantly increased by 3.6, 4.2, 4.8, and 12.9%, respectively, compared to the normal group. Hydrolysis caused by heating induces structural alteration of Re into Rh1, thereby explaining the higher Rh1 contents in ginseng extracts after heat treatment [20, 21] . The results for Rg3 were similar to those for Rh1, as Rg3 contents at 95, 105, 115, and 121°C significantly increased by 18.7, 13.4, 32.9, and 131%, respectively, compared to the normal group. Rg3 and Rh1 are usually produced as derivatives hydrolyzed from ginsenosides such as Re and Rb1 in the stomach. Heat treatment also increased the content of Rg3 in red ginseng extract by heat treatment that is consistent with the finding of Kim et al. [22] showing significant enhancement of Rg3 content by steaming at higher temperature.
Changes in ginsenoside contents of red ginseng extracts according to storage conditions After pH adjustment of red ginseng extract, extracts were processed at optimum temperature at 105°C for 5 min and then stored in an incubator at different temperatures (5, 25, and 45°C) for 11 weeks. As presented in Table 2 , Rg1, Rb1, and Rh1 contents at all storage temperatures significantly decreased with increasing storage time, and this effect was exacerbated at higher storage temperatures (Fig. 2) . However, Rg3 contents at all storage temperatures constantly increased during storage, and this effect was more significant at a high temperature of 45°C. Rg1 and Rb1 contents were significantly reduced at high temperature (45°C) compared to those at low temperature (5°C) ( Fig. 2A, B) . Contents of Rg1, Rb1, and Rh1 decreased by 15, 18, and 8.4% at 5°C as well as by 54, 60, and 27% at 45°C, respectively, compared to the normal group after 11 weeks ( Fig. 2A-C) . Contents of Rg3 at 5, 25, and 45°C increased by 6.1, 9.5, and 24.9%, respectively, after 11 weeks (Fig. 2D) . Taken together, Rg1, Rb1, and Rh1 contents significantly decreased overtime under pH adjustment and thermal treatment ( Fig. 2A-C) . Reduction of biomarkers of red ginseng extract was more significant at lower pH level and higher storage temperature. However, Rg3 content showed the opposite pattern compared to other ginsenosides. Especially, Rg3 content linearly increased at higher temperature and pH level but significantly decreased at low pH (pH 2). Furthermore, Rg3 content significantly increased with higher storage time, and this effect was more significant at 45°C. In conclusion, to minimize the loss of major marker compounds and bioactive compounds of red ginseng products during manufacturing and storage, red ginseng extracts should be maintained at pH 6-8, sterilized below a temperature of 105°C, and stored at a temperature of below 25°C. Thus, this study provides useful information showing the effects of manufacturing and storage conditions on the contents of ginsenosides in red ginseng extract products.
